Although genetics clearly influences the onset of menarche, the association of age at menarche (AAM) with variants in genes related to energy homeostasis remains unexplored. Our aim was to analyze the relationship of the Q223R polymorphism in the leptin receptor gene (LEPR Q223R ) with AAM in a populationbased sample of healthy pubertal girls. The study included 338 Spanish girls aged between 11 and 17 yr. Data were collected on AAM. The Q223R polymorphism in LEPR was detected by TaqMan allelic discrimination assays. Girls carrying the RR genotype had a significantly younger AAM (11.5 yr) than those carrying the QR (11.9 yr) or QQ (12.0 yr) genotype (P , 0.05). Furthermore, we found a significantly higher frequency of the RR genotype in girls with an AAM of 11 yr or younger than in girls with an AAM older than 12 yr (23.9% vs. 7.8%, v 2 ¼ 11.17, P ¼ 0.0008). Also, the RR genotype frequency in girls with an AAM between 11 and 12 yr was significantly higher than in girls with an AAM older than 12 yr (16.8% vs. 7.8%, v 2 ¼ 3.97, P ¼ 0.0046). The Q223R polymorphism in the LEPR gene is associated with variations in AAM among Spanish girls, with the RR genotype being related to earlier onset.
INTRODUCTION
In addition to the effect of environmental factors [1] , the influence of genetics on the onset of menarche is well established [2] . Studies [3] [4] [5] of adult twins report that genetic factors could explain more than 60% of interindividual variations in age at menarche (AAM). To date, multiple studies [6] [7] [8] [9] [10] [11] [12] have analyzed the association of AAM with genetic variants; however, only recently has the association of AAM with genetic variants related to energy homeostasis been studied [12] [13] [14] .
It is well known that the energy-regulating system has an essential role in female pubertal development [15] . Specific body weight has been correlated with AAM [16, 17] . Nutrient and energy status is related to activation of the hypothalamicpituitary-gonadal (HPG) axis, which is clearly associated with the onset of puberty [18] . Thus, information about metabolic status is a key factor in the control of pubertal onset. Leptin is an adipocytokine that has a key role in energy homeostasis, providing information regarding energy status to the central nervous system [18] . Leptin seems to be of critical importance in activation and normal functioning of the HPG axis and in regulation of sexual maturation in children [19, 20] . High leptin levels associated with obesity appear to have a role in the acceleration of pubertal maturation in childhood obesity [21] . Evidence in mouse models shows that ob/ob mice with an absence of leptin have infertility and lower energy expenditure and they recover fertility and diminish their weight after administration of this hormone [22, 23] . When leptin is administered to normal mice, it accelerates puberty onset by a few days [24] . However, there are controversial data about whether leptin is the primary signal for the onset of puberty or, as has been suggested in mouse [25, 26] and female adolescent [27] studies, whether leptin acts in a permissive way as one of several metabolic factors that are necessary to allow pubertal maturation [27] .
The link between leptin and the timing of puberty has been extensively studied, and leptin levels have been inversely related to AAM [16, 28, 29] . However, although the biological activity of leptin acts by binding to its receptor (LEPR) in target tissues [30] , the role of receptor regulation relative to puberty onset is unclear. Leptin activates LEPR in the hypothalamus and thus brings about energy balance. Mutations in the LEPR gene have been associated with hypogonadotropic hypogonadism [31] , although no data exist as to whether these polymorphisms may also regulate the timing of puberty.
The Q223R polymorphism in the leptin receptor gene (LEPR Q223R ) is an adenosine-to-guanine substitution at nucleotide 861 that predicts a nonconservative substitution of glutamine to arginine at amino acid 223 [32] . In our population, we previously described that the Q223R polymorphism in LEPR is associated with leptin levels and body mass index (BMI) in girls, with the RR genotype being related to higher leptin levels and BMI [33] . Thus, the aim of this study was to analyze the effect of the Q223R polymorphism in LEPR on the onset of menarche to determine its association with AAM in a population-based sample of healthy Spanish girls.
MATERIALS AND METHODS

Subjects
The study population included 338 healthy girls aged 11 to 17 yr who participated in a large-scale cross-sectional study examining cardiovascular risk factors in Spain for which participants were randomly selected. All were free of any endocrine, metabolic, hepatic, or renal disorders. The parents of the girls were required to provide written consent for their children to participate in the study. The study protocol complied with guidelines of the Declaration of Helsinki and Spanish legal provisions governing clinical research on humans 1 Supported by a grant from the Fondo de Investigació n Sanitaria (FIS 08/1189). The contract of C. Garces is cofinanced by the Fondo de Investigació n Sanitaria. P. Riestra is a fellow of the Conchita Rá bago Foundation. and was approved by the clinical research ethics committee of the Fundación Jiménez Díaz. All girls completed a questionnaire at their schools detailing their AAM. The questionnaire was administered individually, without the presence of their parents or any other adult. Girls were aged between 11 and 17 yr when they completed the survey.
DNA Extraction and Polymorphism Analysis
Fasting (12 h) venous blood samples were obtained by venipuncture and collected in Vacutainer tubes (BD Vacutainer Systems, Franklin Lakes, NJ). Samples were kept on ice and sent to the laboratory for analysis. Genomic DNA was prepared from leukocytes. Genotyping of the Q223R polymorphism (rs: 1137101) in the LEPR gene was carried out using custom TaqMan allelic discrimination assays (ID C-8722581-10; Applied Biosystems, Foster City, CA). A 7500 Fast Real-Time PCR System (Applied Biosystems) was used to make allelic discrimination calls. The PCR reactions were performed with a mixture of 20 ng of DNA, 900 nM primers, 200 nM probes, and 2X Taqman Genotyping Master Mix (Applied Biosystems). Samples were cycled under the recommended conditions of 958C for 10 min, 928C for 15 sec, and 608C for 1 min, repeated over 40 cycles.
Statistical Analysis
Statistical analyses were carried out using SPSS software package version 9.0 (SPSS Inc., Chicago, IL). Allele frequencies were calculated by the gene counting method. Chi-square test was performed to assess differences in percentages. ANOVA was used to compare AAM across the three genotypes for the Q223R polymorphism. Subsequently as equal variances were assumed, Tukey post hoc test for multiple comparisons was performed.
RESULTS
The mean AAM of the girls in our study was 11.9 6 1.0 yr. Seven girls menstruated for the first time at age 9 yr, while none began menstruating after age 16 yr.
Allelic frequencies of the Q223R polymorphism in LEPR were 56.2% and 43.8% for the wild-type Q allele and R allele, respectively. The genotype frequencies were 34.2% QQ, 49.3% QR, and 16.5% RR (Table 1) . Comparing the mean AAM by LEPR Q223R genotype using one-way ANOVA, the mean AAM varied significantly (P ¼ 0.017) across genotypes. Subsequently by Tukey post hoc test, girls carrying the mutant RR genotype had a significantly younger AAM (11.5 yr) than girls with the QR and QQ genotypes (11.9 and 12.0 yr, respectively) (P , 0.05) ( Table 1) . No significant difference between the QQ and QR groups was observed.
To analyze the relationship between genotype and AAM, the girls were subdivided into the following three groups based on the median AAM distribution found in our population: group 1 comprised girls with menarche at 11 yr or younger, group 2 comprised girls with menarche between 11 and 12 yr, and group 3 comprised girls with menarche at older than 12 yr (Table 2 ). Comparing the LEPR Q223R genotype frequencies between groups, we found a significantly higher frequency of the RR genotype in the group of girls with AAM at 11 yr or younger than among those with AAM at older than 12 yr (23.9% vs. 7.8%, v 2 ¼ 11.17, P ¼ 0.0008). The RR genotype frequency in girls with AAM between 11 and 12 yr was significantly higher than in girls with AAM at older than 12 yr (16.8% vs. 7.8%, v 2 ¼ 3.97, P ¼ 0.0046). Nonsignificant differences in QQ and QR genotype frequencies between AAM groups were observed.
DISCUSSION
Studies analyzing genetic determinants of AAM have mainly focused on candidate genes associated with estrogen levels [7] , the SHBG gene [8] , and biosynthesis of ovarian hormones [6] or endometrium metabolic pathways [34] . To our knowledge, this is the first study to analyze the influence of the Q223R polymorphism in the leptin receptor gene (LEPR) on the onset of menarche in a population-based sample of Spanish girls. LEPR is a member of the cytokine receptor family and has a critical role in regulation of body weight, and its Q223R polymorphism has been associated with leptin levels. We found that the RR genotype was associated with earlier AAM in our population, observing a significantly higher frequency of this genotype among girls with the youngest AAM and a significantly younger mean AAM in RR carriers compared with QR and QQ carriers.
Mutations in the LEPR gene have been previously correlated with hypogonadotropic hypogonadism [31] and have been studied relative to constitutional delay of growth and puberty (CDGP) [13] ; although the authors in the latter study failed to find an association between the Q223R polymorphism in LEPR and CDGP or its related variables, they did not include AAM in their study. Gajdos et al. [12] in a study analyzing several single-nucleotide polymorphisms in hypogonadotropic hypogonadism genes found no association between those genetic variants and AAM, but the study did not include the Q223R polymorphism in LEPR. Few studies have analyzed the effect of polymorphisms in genes related to leptin levels on the onset of menarche, and we found no study in the literature that analyzed the effect of the Q223R polymorphism in LEPR on AAM.
The achievement of a certain amount of body fat has been associated with the onset of menarche [15] , although the question of whether increased body fat predisposes girls to earlier puberty, or conversely whether earlier puberty in girls leads to an increase in body fat, has not been elucidated [17] . 
LEPTIN RECEPTOR POLYMORPHISMS AND MENARCHE
Serum leptin levels increase during pubertal development in girls [19] , and a direct effect of this hormone on the onset of puberty has been suggested [28, 35] . Cross-sectional [16, 35] and longitudinal [36, 37] studies concluded that serum leptin levels correlated strongly with both BMI and fat mass, and it has been suggested that leptin may be the link between body fat mass and the onset of puberty [17] . Although the Q223R polymorphism in LEPR has been consistently related to both higher leptin levels and BMI in several populations [38] [39] [40] [41] [42] , including ours [33] , this polymorphism does not seem to affect leptin signaling, leptin binding, or LEPR activity, as reported in a study by Stratigopoulos et al. [43] . It was hypothesized that the Q223R polymorphism in LEPR may be in linkage disequilibrium with another functional polymorphism [43] impairing signaling capacity of the leptin receptor in the same way as an analogous mutation in rat, the Lepr fa mutation consisting of a nucleotide substitution (A.C) at position 880 with an amino acid substitution at position 269 (Gln.Pro), causing impaired normal processing of leptin [44] . We speculate that the association of the Q223R polymorphism in LEPR with AAM is related to this indirect effect of the polymorphism on leptin levels, which has been consistently associated with AAM [15-17, 28, 36] .
A limitation of our study is the accuracy of recalling AAM; however, previous studies in adolescent girls have shown that short-term recall of AAM is valid [45] , with important correlations between recalled and actual ages at menarche over short intervals [46] . In conclusion, we report herein the association of the Q223R polymorphism in LEPR with AAM in Spanish girls, with the less common R allele correlated with earlier AAM.
